Introduction. From the clinical and epidemiological point of view it is very important to define easily measurable and simple anthropometric parameters of mass and distribution of adipose tissue that will also be good predictors of future complications of obesity. The aim of our study was to correlate anthropometric indicators of mass and distribution of adipose tissue with the risk of developing cardiovascular diseases and diabetes. Material and Methods. The study group consisted of 155 women aged 45.4±13.04y. The anthropometric measurements were performed in order to assess adipose tissue mass and its specific distribution. The 10-year risk of developing cardiovascular diseases was assessed by using two score-systems: Framingham and Prospective Cardiovascular Munster Study, while the 10-year risk of development of diabetes was assessed by QDScore system. Results. According to our results, the waist-to-stature ratio was the best predictor of cardiovascular and diabetes risk (r=0.617-0.780; AUC=0.872). The estimated cut-off value for the waist-to-stature ratio in cardiovascular and diabetes risk prediction was 0.486. Apart from the waist-to-stature ratio, the body mass index, body fat mass, waist circumference and indicators of upper extremity adiposity also correlated strongly with the assessed risk. The anthropometric indicators of lower body adiposity had no significant diagnostic values. Conclusion. The waistto-stature ratio is the best anthropometric indicator of cardiovascular and diabetes risk. Key words: Antropometrija; Telesna visina; Obim struka; Masno tkivo; Intraabdominalno masno tkivo; Faktori rizika; Kardiovaskularne bolesti; Dijabetes melitus; Gojaznost; Žensko; Odrasli; Srednje godine Sažetak Uvod. Sa kliničkog i epidemiološkog aspekta veoma je značajno definisanje lako merljivih i jednostavnih antropometrijskih pokazatelja mase i distribucije masnog tkiva koji će istovremeno biti i dobri prediktori budućih komplikacija gojaznosti. Cilj našeg rada bila je korelacija antropometrijskih pokazatelja veličine i distribucije masne mase sa rizikom od razvoja kardiovaskularnih bolesti i dijabetesa u narednih deset godina. Materijal i metode. Ispitana je grupa od 155 žena prosečne starosti 45,4±13,04 godine, kod kojih su izvršena antropometrijska merenja da bi se procenila masa masnog tkiva i njegova specifična distrbucija. Desetogodišnji rizik od razvoja kardiovaskularnih bolesti je izračunat primenom dva skoring sistema: Framingham i Prospective Cardiovascular Munster Study, dok je desetogodišnji rizik od razvoja dijabetesa izračunat primenom QDScore sistema. Rezultati. Prema rezultatima našeg istraživanja, odnos obima struka i telesne visine bio je najbolji pokazatelj rizika (r=0,617-0,780; AUC=0,872). Procenjena granična vrednost ovog parametra u diskriminaciji rizika iznosila je 0,486. Pored odnosa obima struka i telesne visine, značajnu povezanost sa rizikom imali su i indeks telesne mase, obim struka, masna masa i pokazatelji masne mase gornjeg ekstremiteta. Antropometrijski pokazatelji masnotkivnih depoa donjeg ekstremiteta nisu imali značajnu dijagnostičku vrednost. Zaključak. Odnos obima struka i visine je najbolji antropometrijski pokazatelj rizika za razvoj kardiovaskularnih bolesti i dijabetesa.
Introduction
Of chronic non-communicable diseases, cardiovascular diseases and diabetes are among leading causes of death not only in Serbia but in the whole world as well. In the structure of mortality, cardiovascular diseases in Serbia account for more than half of all death events (57.3%) [1] . In 2010, cardio-vascular diseases caused death of 56,488 people of all ages in Serbia; on average, six people die every hour from one or another cardiovascular disease [2] . When compared to other European countries, Serbia is among countries with a moderately high risk of diabetes-caused deaths, and the highest rate of mortality is in Vojvodina (31.1%) [1] .
The high rate of mortality and lower life quality caused by cardiovascular diseases and diabetes are significantly correlated with obesity. Obesity is correlated with deaths from a coronary heart disease in 21% of men and 28% of women [3] . There are clear data on the correlation between obesity and type 2 diabetes. According to the statistics, every excessive kilogram of body mass increases the risk of developing diabetes by 4.5% [4] . Obesity, particularly of the abdominal type, is considered an independent cardiovascular risk factor. Increased release of free fatty acids and adipokines with atherogenic, pro-inflammatory and prothrombotic potential from the visceral fatty depots is considered a key trigger in the development of diabetes and cardiovascular disease [5] [6] [7] .
Diagnostics of obesity includes the evaluation of nutritional level, total fat mass and specific distribution of adipose tissue. A lot of methods are used in detection and quantification of adipose tissue: from simple, anthropometric methods to modern imaging ones. From the clinical and epidemiological point of view, there is a constant need for definition of easily measurable and simple anthropometric indicators of mass and distribution of adipose tissue that will also be good predictors of future obesity complications.
Material and Methods
The study group consisted of 155 women aged from 22 to 76 years, the average age being 45.4±13,04 years. We performed anthropometric measurements, measurements of blood pressure, analysis of biochemical risk markers and calculation of cardiovascular and diabetes risk scores.
The body height was measured by Harpender anthropometer (Holtain Ltd, Croswell, UK), with the precision of 0.1 cm. The body fat mass (FAT%, FATkg) and total body mass were measured by Tanita bioimpedance analyzer TBF-310 (Tanita Corporation, Tokyo, Japan).
The nutritional level was defined according to the body mass index values (BMI), which was obtained by dividing a person's weight in kilograms by the square of the person's height in meters.
The body circumferences were measured by using a tape with the precision of measuring of 0.1 cm. The waist circumference was measured at the middle of the distance between the lowest rib and iliac crest. The hip circumference was measured at the level of the highest point of the greater femoral trochanter. The waist-to-hip ratio (WHR) was calculated as the ratio of waist and hip circumferences; while the waist-tostature ratio (WSR) was calculated as the ratio of waist circumference and body height. The chest circumference was measured at the level of fourth sternocostal joint. The upper arm circumference (UAC) was measured at the middle distance between the point junction of lateral and posterior border of the acromion and the most lateral point on the superior border of the head of radius, whereas the forearm circumference was measured at the level of its maximum circumference. The thigh circumference was measured at the level of the junction of the upper and middle third of the thigh, while the calf circumference was measured at the level of its maximum circumference. The waist-to-thigh-ratio (WTR) was calculated as the ratio between the waist and thigh circumferences.
The skin-fold thicknesses were measured by using Harpenden caliper (Holtain Ltd, Croswell, UK) with the precision of 0.2 mm. All skin-fold thicknesses were measured three times and the final value was the average between the three measurements. The subscapular skin-fold (SS) was measured one cm under the lower angle of scapula at the angle of 45º. The triceps skin-fold (T) was measured on the posterior side of the upper arm, at the middle distance between the point junction of lateral and posterior border of the acromion and the most lateral point on the superior border of the head of radius, while the biceps skin-fold was measured at the same level, on the anterior side of upper arm. The forearm skin-folds were measured at the level of maximum circumference of forearm, on the anterior and lateral side. The abdominal skin-fold was measured 3 cm laterally and 1 cm under the umbilicus. The thigh skin-fold was measured on the anterior side of thigh, at the middle distance between inguinal fold and the base of patellae, while sitting, and the calf skin-fold was measured on the posterior side of calf at the level of its maximum circumference, with the knee bended under the angle of 90º. The specific distribution of adipose tissue (abdomen related to extremities) was assessed by using the ratio of triceps 
Blood pressure was measured by using Riva Roccy sphyngomanometer and the values were expressed in millimeters of mercury (mmHg). For the values of total serum cholesterol and triglycerides, standard enzyme procedure was used, high density lipoprotein high density lipoprotein (HDL)-cholesterol was determined by precipitation with sodium phosphowolframate and low density lipoprotein (LDL)-cholesterol was determined according to the formula of Friedewald et all. Fasting glycemia was measured by Dialab glucose GOD-PAP method.
The risk for development of cardiovascular disease was calculated by using two scoring systems: Framingham and Prospective Cardiovascular Munster Study (PROCAM). The risk of ischemic heart disease (Framingham risk score) was calculated as recommended by the American Heart Association (AHA) and American College of Cardiology (ACC) based on the data on age, sex, total and HDL-cholesterol, systolic and diastolic blood pressure, presence of diabetes and smoking habit [9] . The risk of coronary heart disease was calculated by using PROCAM calculator, based on the results of the PROCAM study, which includes age, sex, diabetes mellitus or fasting glycemia ≥ 6.67 mmol/l, smoking habit, positive family anamnesis on cardiovascular diseases and diabetes, systolic blood pressure, body mass, body height and antihypertensive therapy [10] . The risk for development of diabetes mellitus type 2 in the next 10 years was calculated by using QDScore calculator based on the age, sex, ethnic background, body mass index, diabetes mellitus, positive family anamnesis of diabetes, former myocardial infarction, cerebrovascular insult or transitory ischemic attacks, smoking habit, antihypertensive therapy and corticosteroid therapy [11] .
The software package SPSS 11.5 for Windows was used for the statistical analysis. The average, minimum and maximum values, as well as percents were used of the descriptive statistics. The relationship between scores and anthropometric parameters was tested by using Spearman's coefficient of correlation. The area under the receiver operating characteristic (ROC) curve was analyzed to estimate the discriminative values of anthropometric measurements in the prediction of cardiovascular and diabetes risk. examinees ranged from malnutrition to the 2 nd degree of obesity, the average value of BMI being 24.96±3.98 kg/m 2 . The fat mass also varied widely, the average value being 31.70±8.75%. Table 2 shows the average, minimum and maximum values of blood pressure parameters, lipid profile and glycemia. According to the anamnestic data analyzed in the evaluation of risk of cardiovascular diseases and diabetes, there were 18.4% smokers and 0.65% diabetics; 1.29% had myocardial infarction, 65% had cerebrovascular insult and there was noboby with transitory ischemic attacks; positive family anamnesis of diabetes and of cardiovascular diseases was found in 26.4% and 14.8% of the subjects, respectively (9% of examinees used antihypertensive therapy and nobody used corticosteroid therapy).
Results
The majority of the examinees had normal weight (62.58%), while a little more than third of examinees had excessive body mass (28.39% were overweight and 9.03% were obese). The abdominal obesity was recorded in 41.29% of examinees (21.94% had extremely increased waist circumference); the possibili- ty of development of cardiovascular disease in the next 10 years between 10% and 20% was found in 10.97% of the subjects; whereas the possibility of diabetes development between 10% and 20% was observed in 9.7% of them (Table 3) . According to the correlation between anthropometric parameters and risk scores, and the analysis of discriminative value of examined anthropometric parameters (Tables 4 and 5) , WSR was the best indicator of cardiovascular and diabetes risk, and the waist circumference and BMI were the second best. The estimated cut-off value for WSR was 0.486. Among the body circumferences, the best correlation with cardiovascular risk and diabetes risk was seen in the waist circumference and upper arm circumference, and among the skin-fold the best indicators were triceps skin-folds and abdominal skin-fold. The indicators of fat mass of the superior extremity had the higher value in the risk evaluation than the indicators of inferior extremity fat mass. The body fat mass and the upper arm adipose tissue surface had a significant correlation with all three scores.
Discussion
From the aspect of everyday clinical practice, there is a constant need for identification of anthropometric parameters that can be easily obtained and that will represent a good indicator of cardio-metabolic risk associated with obesity. In addition, this parameter should be sensitive enough to measure changes easily after therapeutic interventions. Literature data point to some advantages and disadvantages of certain anthropometric indicators and doubt their applicability in certain population and age groups [12] . The results of our investigation, conducted among adult females, indicate a significant association between a large number of anthropometric indicators of mass and specific distribution of adipose tissue, but they highlight the significance of WSR index as the best risk predictor.
The nutritional level and total fat mass correlate significantly with the risk of development of obesity co-morbidities, although they are not precise risk indicators [13] . Abdominal or central obesity results from the fat deposition in abdominal visceral depot which is characterized by a great metabolic and endocrine activity, as well as the close connection with liver [6, 14] . Since the abdominal distribution of fat tissue was recognized as one of the key factors in obesity complications, there has been a search for an indicator that will give the best description of obesity [12, 15] . One of the first parameters was the waist circumference and thigh circumference ratio (WTR), and then the waist circumference and hip circumference ratio (WHR). Nowadays, however, the waist cir- cumference has been selected as the most convenient and simplest parameter with its well defined and widely accepted sex specific referent values [16] [17] [18] [19] . According to our results, almost half of the examinees had the increased values of waist circumference (41.29%), and the estimated cardiovascular and diabetes risk higher than 10% was recorded in a bit less than a third of examinees, which corresponds to a higher referent value of waist circumference (≥88cm). Aschwell et all. [20] , however, regard the waist circumference and body height ratio as the most precise one because it takes into account one more body dimension, because two persons with different height and the same waist circumference will have different cardio-metabolic risk. The significance of body height in determination of cardio-metabolic risk has been confirmed by the results of many studies [21, 22] . In our investigation, this indicator was singled out as the most significant predictor of cardiovascular and diabetes risk (r=0.617-780, AUC=0.872).
A lot of studies have underlined the significance of BMI and waist circumference. Ko et all have found that in women BMI correlates highly with protective HDL-cholesterol, and that BMI, waist circumference, WHR and WSR represent significant predictors of risk for developing diabetes mellitus [23] . Our results suggest a significant correlation of cardiovascular risk and diabetes risk with almost every examined anthropometric parameter. In addition to the WSR index, the waist circumference, total fat mass and BMI have proved to be the second best. A similar study of adult population performed in Turkey yielded the identical results -WSR was the best risk predictor, followed by BMI and waist circumference [24] .
Subcutaneous adipose tissue is considered to have an important role in the defense from insulin resistance because it accepts the excess of free fatty acids and prevents ectopic accumulation of fat [25, 26] . It makes 85% of total fat mass [19] , and in women it is predominantly found in the gluteofemoral region. Therefore, a larger fat mass does not have to be directly associated with the risk because it can be the consequence of fat accumulation in the subcutaneous adipose depot. It has been Rastović M, et al. Adipose tissue and cardiovascular and diabetes risk [28] [29] [30] have confirmed that the size of fat tissue depots of lower extremity correlates positively with a better metabolic profile, lower production of pro-inflammatory cytokines and bigger production of insulin sensitizing adponectine. According to our results, the indicators of fat mass size in the lower body parts -skinfolds and the thigh, calf and hip circumferences and waist-to-thigh ratio have a lower correlation with cardiovascular and diabetes risk than the indicators of central distribution; the analysis of the area under the curve has shown that these parameters do not have a significant diagnostic value. The circumferences and skin-folds of upper extremity, as well as the upper arm adipose tissue surface have shown a better correlation with the risk than the indicators of fat mass depots of lower extremity. Some studies have underlined the significance of abdominal and upper body part fat mass indicators such as subscapular skin-fold, triceps skin-fold and WHR index, in the prediction of metabolic profile especially in the prediction of glucose intolerance and insulin resistance [31] [32] [33] [34] .
Our results also indicate that the above mentioned parameters are better indicators of risk for developing diabetes than cardiovascular diseases, and that the triceps skin-fold, upper arm skin-fold and upper arm adipose tissue surface have the strongest predictive value.
Conclusion
The results of our investigation have clearly singled out the waist-to-stature ratio as the best indicator of risk for development of cardiovascular diseases and diabetes. The estimated cut-off value for this parameter was 0.486. In addition to this ratio, the body mass index, fat mass, waist circumference and indicators of upper extremity fat mass had a significant correlation with risk; while the anthropometric indicators of adipose tissue depots of lower extremity had no significant diagnostic values.
